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Abstract We examined the role of intercellular adhesion
molecule-1 ICAM-1) and lymphocyte function-associat-
ed antigen-1 (LFA-1) during the activation of peripheral
blood mononuclear cells (PBMCs) by the human renal
carcinoma cell line CaKi-1. ICAM-1 antigen expression
was induced on CaKi-1 cells by incubation with either
phorbol-12-myristate 13 acetate (PMA) or interferon-
gamma (IFN-y). Following a thorough washout of PMA
and IFN-y and subsequent paraformaldehyde fixation,
CaKi-1 cell monolayers were cocultered with allogenic
PBMCs. While PMA-treated CaKi-1 cells induced
PBMC proliferation and interleukin-2 receptor antigen
expression, this was not the case for control or IFN-y-
treated CaKi-1 cells. Furthermore, the induced PBMC
proliferation was inhibited by specific monoclonal anti-
bodies against ICAM-1 and LFA-1. Finally, although
PMA induced human leukocyte antigen (HLA)-A, B, C
antigen expression on CaKi-1 cells, a monoclonal anti-
body against this antigen did not inhibit PBMC prolifer-
ation. We conclude that PMA can modulate CaKi-1 cells
to stimulate allogenic PBMC proliferation in an ICAM-1/
LFA-1 dependent, but HLA-A, B, C-independent, fash-
ion. This stimulation might reside in the long-term acti-
vation of protein kinase C, induced by PMA.
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Human renal cell carcinoma (RCC) is a highly metastatic
cancer which is resistant to conventional chemo- or radi-
ation therapies [8]. Accordingly, there is a need for the
development of new therapeutic strategies against ad-
vanced RCC. Reports of spontaneous regression in RCC
patients [5] and a high rate of lymphocyte infiltration in
RCC [2] has led to many immunobiological investiga-
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tions with the aim of elucidating the interactions between
immunocompetent cells and renal carcinoma cells. One
mechanism which may contribute to such an effector-
target cell interaction in RCC is the binding of the mem-
brane-associated glycoprotein, intercellular adhesion
molecule-1 (ICAM-1), to its “counterreceptor’” lym-
phocyte functions-associated antigen-1 (LFA-1). ICAM-1
is inducible on renal carcinoma cells by inflammatory
cytokines and phorbol esters [9, 11], while LFA-1, an
o/B-heterodimer membrane glycoprotein, is constitutive-
ly expressed on all leukocytes [21]. The interaction be-
tween ICAM-1 and LFA-1 has been shown to influence
a variety of immunoresponses via cell-cell adhesion [7].

Recent studies on the role of ICAM-1 and LFA-1 in
antitumoral immunity have vielded conflicting results. In
the neurolastoma cell line CHP-134, allogenic lym-
phokine-activated killer (LAK) cell sensitivity was shown
to be partially attributable to the induction of ICAM-1
with interferon-gamma (IFN-y) [20]. This effect has been
supported in a study by Azuma et al. [1] using human
small cell lung cancer cell lines. In contrast, Tomita et al.
[24] have demonstrated that, although IFA-y induces
ICAM-1 expression in human renal carcinoma cells, it
also decreases their susceptibility to LAK cells.

‘We have previously shown that IFN-y and the phorbol
ester phorbol-12-myristate 13 acetate (PMA) can en-
hance ICAM-1 antigen expression and shedding in the
human renal carcinoma cell line CaKi-1 [12]. Induction
of ICAM-1 antigen on CakKi-1 cells greatly enhances
the binding of allogenic peripheral blood mononuclear
cells (PBMCs), thereby stabilizing cell-cell adhesion and
permitting other surface molecules to bind to their lig-
ands. A central issue, when considering the coupling of
ICAM-1 to LFA-1, is that it may per se be directly in-
volved in the transduction of powerful intercellular sig-
nals controlling PBMC activation/proliferation [18]. In
this way, ICAM-1 antigen-expressing renal carcinoma
cells could self-enhance antitumoral immunity.

In the present study we examined the effect of [FN-y
and PMA on the ability of CaKi-1 cells to stimulate pro-
liferation or resting allogenic PBMCs. Furthermore, the
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role of ICAM-1, LFA-1 and human leukocyte antigen
(HLA)-A, B, C was investigated using specific mono-
clonal antibodies.

Materials and methods
Reagents

Human recombinant IFN-y (15 x 107 units/mg protein) designat-
ed IFN-y 4A was purchased from Amersham International (Den-
mark). IFN-y was stored at 2—4°C diluted to 10* units/ml. Phorbol-
12-myristate 13 acetate was obtained from Sigma (St. Louis, Mo.,
USA), dissolved in dimethylsulfoxide (DMSO), and 1 mg/ml stock
solutions were stored at —80°C. The final concentration of DMSO
did not exceed 0.3% and did not modify the cell response regarding
proliferation or antigen expression. Monoclonal anti-ICAM-1,
clone 84H10 and anti-LFA-1 clone 25.3.1 were purchased from
Immunotech (Marseille, France), while monoclonal anti-HLA-A,
B, C, clone W6/32, and monoclonal anti-HLA-DR, clone CR3/43,
were obtained from Sera-lab (Sussex, UK) and DAKO (Copen-
hagen, Denmark), respectively. Finally, interleukin-2 (IL-2) recep-
tor antigen was identified by monoclonal anti-IL receptor, clone
ACT-1 (DAKO). All antibodies were used according to the manu-
facturer’s instructions.

Cell cultures

The CaKi-1 line of renal carcinoma cells was kindly provided by J.
Fogh (Novo Nordisk, Gentofte, Denmark) and was originally iso-
lated and characterized by the late J. Fogh (Memorial Sloan Ketter-
ing, Rye, N.Y., USA) [6]. The cells were maintained in McCoy’s 5a
medium (Gibco, Paisly, Scotland) supplemented with 10% fetal
bovine serum (FBS) (Gibco), 2 mM glutamine (Gibco) and 100 IU/
ml pencillin/streptomycin (Gibco). Cultures were incubated at 47 °C
in a 95% air, 5% carbon dioxide humid incubator.

Isolated of human PBMCs

Human PBMCs were isolated from venous blood of healthy donors
by Ficoll metrizoate (Lymphoprep, Nycomed, West Midlands, UK)
density gradient centrifugation [4] of 5 ml heparinized blood. The
PBMCs were then resuspended in PBMC medium composed of
RPMI-1640 (Northumbria Biologicals, Northumberland, UK) sup-
plemented with 10% FBS, 2 mM glutamine, 3% human AB serum
(Sigma) and penicillin/streptomycin 100 IU/ml.

Assay of proliferation in cocultures of paraformaldehyde-fixed
CaKi-1 cells and PBMCs

At confluent monolayer in 75-cm? tissue flasks (Nunc, Roskilde,
Denmark), CaKi-1 cells were obtained for subculture by addition of
0.15% trypsin (Gibco) in calcium-free phosphate buffer (pH 7.2),
blocked by McCoy’s 5a with 10% FBS, and the detached cells were
centrifugated and resuspended in fresh media. Then, 5 x 10* cells/
well were seeded into 96-well flat bottom plates (Nunc). After
2 days of culture, CaKi-1 cells were stimulated for 24 h with PMA
(5 ng/ml) or IFN-y (500 units/mi). After induction of ICAM-1 anti-
gen expression by PMA or IFN-y, CaKi-1 cells were washed 5 times
in warm media, in order to prevent significant carryover of PMA
into the subsequent cocultures with PBMCs. As demonstrated by
Simon et al. [23], this wash procedure reduces the PMA concentra-
tion from 5 ng/ml to below 5 x 10™* ng/ml. This concentration is
approximately 10® times below the PMA concentration sufficient to
drive PBMC proliferation to background levels. After washing,

CaKi-1 cells were fixed with paraformaldehyde to reduce their pro-
liferation in the following CaKi-1 cell-PBMC cocultures. The tech-
nique described by Kurt-Jones et al. [16] and Simon et al. [23] was
applied. Briefly, CaKi-1 cells were incubated with selected concen-
trations of paraformaldehyde at room temperature for 15 min,
washed 3 times in Hanks® balanced salt solution (HBSS, Gibco),
resuspended in fresh media and then incubated at 37°C, 5% CO,,
for 4 h to allow release of residual paraformaldehyde from the fixed
cells. Following fixation, PBMCs were added to the fixed CaKi-1
cells at 1.5 x 107 cells/well and incubated for 72 h at 37°C, 5% CO,;
all cocultures were performed using PBMC medium in a volume
of 200 pl. Cocultures were pulsed for an additional 24 h with
[*H]thymidine (Amersham) (0.5 pCi/well) and then collected onto
nitrocellulose filter paper with an NUNC 8 cell harvester. Since
CaKi-1 cells strongly adhered to the wells, 50 ul NaOH (1 M) was
added before harvesting. Incorporated [*H]thymidine was deter-
mined by liquid scintillation counting. The proliferative response
was expressed by the [*H]thymidine uptake (cpm) and calculated by
the following formula:

A cpm=cpm (coculture) —cpm (fixed CaKi-1 cells cultured
separately) —cpm (PBMCs cultured separately) [23].

In blocking experiments, monoclonal antibodies were added to ei-
ther CaKi-1 cells (anti-ICAM-1 or anti-HLA-A B,C) or PBMCs
(anti-LFA-1) 1 h prior to coculturing at 37°C, 5% CO,, remaining
in the coculture throughout the incubation period. In a recent study
using the monoclonal anti-ICAM-1 clone 84H14 in CaKi-1 cell-
PBMC cocultures, we have shown that significant inhibition of
CaKi-1-cell-PBMC adhesion, as measured by using >*Cr-labeled
PBMCs, could be obtained at a dilution of 1:5 [12]. Hence, specific
antibodies for blocking experiments were used at a dilution of 1:5
and 1:50, the latter representig the end-point immunoperoxidase
staining for ICAM-1 [10].

Immunocytochemical staining for antigen expression

CaKi-1 cells were seeded in 9 x9-mm Lab-Tek slide chambers
(Nunc) at 105 cells/well in a volume of 400 pl following trypsina-
tion. The procedures of PMA or IFN-y stimulation, washing,
paraformaldehyde fixation and PBMC (3 x 10° cells/well) coculti-
vation were all done as above. After 96 h of cocultivation, the slides
were washed in warm PBS, air dried and fixed in methanol:acetone
(1:1) for 90s. For immunocytochemical analysis, cells stained in
situ by a three-stage immunoperoxidase method as earlier described
[9]. Monoclonal antibodies against [CAM-1, LFA-1 and HLA-
A,B,C were identical to those used in the blocking experiments.
Activation of PBMCs by CaKi-1 cells was confirmed by the induc-
tion of interleukin-2 (IL-2) receptor antigen expression [17]. For
staining, all antibodies were diluted 1:50. Staining intensity was
scored using the following grading scale: O=none, + =slight,
+ + =moderate and + + + =strong.

Statistical analysis

All statistically analyzed data represent the medians (ranges) of four
to six experiments. The nonparametric Wilcoxon test for paired
data was used. P<0.05 was considered statistically significant.

Results

Effect of paraformaldehyde fixation
on CaKi-1 cell proliferation

In order to suppress background proliferation of CaKi-1
cells in subsequent coculture with PBMCs, we used a
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Fig. 1 Inhibition [*H]thymidine uptake by CaKi-1 cells using
paraformaldehyde fixation. CaKi-1 cells were left unpretreated
(top) or pretreated with either IFN-y (500 units/ml, 24 h} (bottom,
a—a) or PMA (5 ng/ml, 24 h) (bottom, e—e), before paraformalde-
hyde fixation and subsequent assessment of [°H]thymidine uptake.
Data represent medians (ranges) of four to six experiments

paraformaldehyde fixation method. This method not on-
ly inhibits proliferation, but may also prevent release of
soluble cytokines from PMA-treated CaKi-1 cells, which
could induce PBMC proliferation independent of ICAM-
1 antigen expression [23]. Maximal suppression of con-
trol, IFN-y (500 units/ml, 24 h) and PMA (5 ng/ml, 24 h)-
pretreated CaKi-1 cell proliferation, as measured by
[PH]thymidine uptake, was achieved with 0.50% para-
formaldehyde (Fig. 1). This concentration reduced median
PHjthymidine uptake from 90-560 cpm, 51 818 cpm
and 40 990 cpm to 1306 cpm, 971 cpm and 1117 cpm of
control, IFN-y and PMA-pretreated CaKi-1 cells, respec-
tively. This paraformaldehyde concentration did not in-
hibit ICAM-1 antigen expression in the following cocul-
tures (see below).

Effect of fixed CaKi-1 cells on PBMC proliferation

CaKi-1 cells were pretreated with either [FN-y (500 units/
ml) or PMA (5§ ng/m!) for 24 h, since they are known
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Fig. 2 [*H]thymidine uptake by PBMCs incubated with 5 ng/ml
PMA (PBMCs). CaKi-1 cells and CaKi-1 cells plus PBMCs. CaKi-1
cells were left unpretreated (control) or pretreated with IFN-y (500
units/ml, 24 h) or PMA (5 ng/ml, 24 h), washed 5 times, fixed with
0.5% paraformaldehyde and cultured without or with PBMCs. Sig-
nificant stimulation of PBMC proliferation was seen only following
PMA pretreatment. Data represent medians {ranges) of four to six
experiments. * Indicates significant difference from Ca-Ki-1, con-
trol+ PBMCs, P<0.05

inducers of ICAM-1 antigen expression in CaKi-1 cells
[10]. As shown in Fig. 2, PMA, but not IFN-y, had a
significant effect on PBMC [*H]thymidine uptake as
compared to control levels. PBMC [*H]thymidine uptake
was raised from 1091 (777-2344) cpm to 23 352 (21 536—
25 680) cpm upon PMA pretreatment. This effect was
observed using three separate populations of donor
PBMCs. PMA carryover was minimized by washing 5
times before coculture as previously described. In fact,
incubation of PBMCs with 5 ng/ml PMA for 96 h with-
out CaKi-1 cells did not raise [*H]thymidine uptake
above resting levels [407 (178 —869) cpm] (Fig. 2).

Blocking PMA-pretreated CaKi-1-cell-induced PBMC
proliferation with monoclonal antibodies

Figure 3 shows the effect of anti-ICAM-1 and anti-LFA-
1 on PMA-pretreated CaKi-1-cell-induced PBMC [*H]}-
thymidine uptake. Neither antibody had an effect at
1:50, while both significantly blocked PBMC [*H]thymi-
dine uptake at 1:5. Preincubating PBMCs with anti-
LFA-1 had a slightly greater effect than preincubating
CaKi-1 cells with anti-ICAM-1, reducing PBMC
[*H]thymidine uptake from 23 352 (21 536—25 680) cpm
to 6579 (617810 092) cpm at a 1:5 dilution (Fig. 3). No
significant reduction was observed using anti-HLA-
AB,C [20 119 (18 683-34 639) cpm at a 1:5 dilution]
and no significant different were observed between the
three different PBMC donor populations {(data not
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Fig. 3 Blocking of [*H]thymidine uptake by monoclonal antibod-
ies in cocultures of PMA (5ng/ml, 24 h)-pretreated —0.5%
paraformaldehyde-fixed CaKi-1 cells and PBMCs. Significant
blocking was achieved with anti-ICAM-1 and anti-LFA-1 at a 1:5
dilution. Data represent medians (ranges) of four to six experi-
ments. * Indicates significant difference from control, P<0.05

shown). Anti-HLA-DQ was not used for blocking exper-
iments since Ca-Ki-1 cells do not express this antigen
despite PMA preincubation (see below).

IL-2 receptor antigen expression in CaKi-1 cell-PBMC
cocultures

Besides increased [*H]thymidine uptake, activation of
resting lymphocytes also enhances the expression of sev-
eral surface molecules including IL-2 receptors, allowing
a more efficient interaction of the activated cells with
other cells [17]. Hence, in order to confirm PBMC activa-
tion by PMA-pretreated Ca-Ki-1 cells, we stained cocul-
tures with anti-IL-2 receptor antibody. Figure 4 illus-
trates the differences in IL-2 receptor staining intensity of
PBMCs cocultured with either IFN-y-pretreated CaKi-1
cells (0 to +) or PMA-pretreated CaKi-1 cells (+ + +).
CaKi-1 cells were not stained by anti-IL-2 receptor anti-
body despite IFN-y or PMA pretreatment (Fig. 4). There
was no difference between control and IFN-y-pretreated
CaKi-1 cell-PBMC cocultures. These results confirm the
[*H]thymidine uptake studies, where PMA, but not IFN-
y, pretreatment of CaKi-1 cells had an effect on PBMC
proliferation.

HLA-, ICAM-1 and LFA-1 antigen expression in CaKi-1
cell PBMC cocultures

To evaluate the effect of PMA pretreatment of CaKi-1
cells on cellular antigen expression, we semiquantitated
the immunoperoxidase-stained cocultures. Table 1 shows

Table 1 Immunocytochemical staining of antigens in CaKi-1-cell-
PBMC cocultures. CaKi-1 cells were pretreated for 24 h with PMA
(5 ng/ml), washed, fixed, cocultured with PBMCs and stained as
described under “Materials and methods”. Staining intensity was
scored on a 4-point scale (0 to + + +)

Pre- Cell type Antigen
treatment
HLA-A,B,C HLA-DR ICAM-1 LFA-1
None Ca-Ki-1 + 0 + 0
PBMC  +++ + + +++
PMA Ca-Ki-1 ++ 0 +++ 0
PBMC  +++ + + +++

an upregulation of HLA-A,B,C on CaKi-1 cells after
PMA pretreatment, while PBMCs exhibited strong stain-
ing intensity independent of culture conditions. HLA-
DR antigen was not expressed on CaKi-1 cells, despite
PMA pretreatment, and slight expression was observed
on PBMCs. Hence, anti-HLA-DR antibodies were not
used in the blocking experiments. ICAM-1 antigen ex-
pression was strongly enhanced on CaKi-1 cells upon
PMA pretreatment, while PBMCs only exhibited a weak
staining reaction. Finally, LFA-1 antigen was entirely
expressed on PBMCs in both untreated and PMA-pre-
treatment cultures (Fig. 5).

Discussion

Human RCC seems to exhibit serum-suppressive LAK
cell sensitivity in vitro [18] and metastatic human RCC
may respond to LAK cell plus IL-2 therapy [22]. Further-
more, T-cytotoxic/suppressor cells have been found to
constitute the majority of tumor-infiltrating lymphocytes
(TILs) in human RCC [3], where they may be involved in
major histocompatibility complex (MHC) class I (HLA-
A,B,C) restricted T-cell-mediated cytotoxicity [25].
Hence, in order to optimize immunotherapy in RCC pa-
tients, it is essential to elucidate the mechanisms underly-
ing the interactions between renal carcinoma cells and
effector cells of the immune system. One mechanism
which has received great attention is the ICAM-1/LFA-1
adhesion system, since the interaction between ICAM-1
on target cells and LFA-1 on killer cells plays an impor-
tant role in various killer cell-mediated cytolysis [7]. We
have previously shown the effect of ICAM-1 and anti-
ICAM-1/anti-LFA antibodies on CaKi-1 cell-PBMC ad-
hesion [12]. In this study, we have examined the possible
role of the ICAM-1/LFA-1 system in the transduction of
signals controlling PBMC activation/proliferation from
CaKi-1 cells.

Fixation of CaKi-1 cells with 0.5% paraformaldehyde
ensured a minimal background proliferation in subse-
quent cocultures without preventing the effect of anti-
ICAM-1 in the blocking experiments (Figs. 1, 3). Also,
fixation may well prevent CaKi-1 cells from secreting
biologically active cytokines, which could enhance



Fig. 4 1L-2 receptor antigen staining in CaKi-1-cell-PBMC cocul-
tures. CaKi-1 cells {(vertical arrows) were pretreated for 24 h with
500 units/ml IFN-y (top) or 5 ng/ml PMA (bottom), washed 5 times,
fixed with 0.5% paraformaldehyde and cocultured with PBMCs
(horizontal arrows). IL-2 receptor anmtigen staining was strongly
(+ + +) enhanced following PMA but not IFN-y pretreatment on
PBMCs (three-stage peroxidase technique, x 250)

Fig. 5 ICAM-1 (top) and LFA-1 (bottom) antigen staining in CaKi-
1 cell-PBMC cocultures. CaKi-1 cells (vertical arrows) were pre-
treated for 24 h with 5 ng/ml PMA, washed 5 times, fixed with 0.5%
paraformaldehyde and cocultured with PBMCs (horizontal arrows).
ICAM-1 antigen was predominantly stained on CaKi-1 cells
(+ + +), while LFA-1 antigen was exclusively stained on PBMCs
(+ -+ +) (three-stage peroxidase technique, x 250)

[PH]thymidine uptake by PBMCs, irrespective of ICAM-
1 antigen expression [23]. We have previously shown that
both IFN-y and PMA induce ICAM-1 antigen expres-
sion and protein kinase C (PKC) activation in CaKi-1
cells [10]. However, since only PMA-pretreated CaKi-1
cells induced PBMC proliferation, which could be
blocked by anti-ICAM-1 or anti-LFA-1 (Figs. 1, 3), dif-
ferences between IFNy and PMA-signaling in CaKi-1
cells must exist. Activation of PKC by PMA may be
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prolonged as opposed to IFN-y [10, 19]; this again may
result in either unique secondary signals that act in con-
cert with ICAM-1, PMA-induced cell surface aggrega-
tion of ICAM-1 or conformational changes in the
ICAM-1 molecule which may enhance its ability to
provide costimulatory signals to PBMCs [21]. Simon
et al. [23] have shown that PMA-pretreated keratinocytes
stimulate allogenic T cells (CD4" or CD8%) in cocul-
tures. IL-2 receptors are well-known markers of T-cell
activation [17]. Therefore, IL-2 receptor antigen expres-
sion was used in this study to support the [PH]thymidine
uptake data. Upregulation of IL-2 receptor antigen
(Fig. 4) further supports our concentration that [*H]thy-
midine uptake enhancement is the result of an activation
of PBMCs. The fact that PMA was unable to enhance
[PHjthymidine uptake or IL-2 receptor antigen expres-
sion on PBMCs in the absence of CaKi-1 cells indicates
that PBMC activation is due to PMA effects on CaKi-1
cells rather than to direct effects on PMBCs. The antigen
profile of CaKi-1 cell-PBMC cocultures (Table 1) ex-
plains several important features of our experimental de-
sign. First because HLA-A,B,C antigen expression was
enhanced upon PMA pretreatment of CaKi-1 cells, we
used anti-HLA-A,B,C to determine whether the PBMC
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response was MHC dependent. Second, since HLA-DR
antigen was not induced upon PMA pretreatment of
CaKi-1 cells and slightly (+) expressed on PBMCs,
HLA-DR antibody was not used for blocking experi-
ments. Finally, because ICAM-1 antigen was mainly ex-
pressed on CakKi-1 cells and LFA-1 antigen was exclu-
sively expressed on PBMCs (Fig. 5), preincubation with
anti-ICAM-1 and anti-LFA-1 in blocking experiments
was accordingly done with CaKi-1 and PBMCs, respec-
tively.

QOur results are consistent with the findings of Simon
et al. [23], who demonstrated that PMA- but not IFN-y-
or TNFa-pretreated keratinocytes (KCs) were able to
stimulate proliferation of allogenic PBMCs. T-helper
cells (CD4™), and T-suppressor/cytotoxic cells (CD8*),
isolated from the PBMC population were shown to re-
spond in equivalent KC-T cell cocultures. Furthermore,
the proliferative response was MHC independent, but
ICAM-1 dependent. PBMC activation was assessed by
[*H]thymidine uptake, while IL-2 receptor antigen ex-
pression was not determined. Regarding RCC, Tomita
et al. [24] have recently described the protective effective
of IFN-y on RCC cell lines against recognition by LAK
cells, which was independent of the expression of MHC
class T or ICAM-1 antigens on tumor cells. This is partly
in agreement with our data, where IFN-y pretreatment of
CaKi-1 cells failed to enhance [*H]thymidine uptake
(Fig. 2) or IL-2 receptor antigen expression (Fig. 4) in
cocultures with PBMCs, despite MHC class1 and
ICAM-1 antigen expression on CaKi-1 cells. The ability
of RCC cells of self-enhance immunological effector cells
has also recently been suggested by Hayakawa et al. [13].
Their results indicated that primary cultures of RCC cells
increase proliferation and IL-2 receptor antigen expres-
sion as well as cytotoxicity of the human NK cione,
NK3.3.

In conclusion, our data suggest that PMA-pretreated
Ca-Ki-1 cells are able to activate allogenic PBMCs by an
MHC class-I-independent, but ICAM-1/LFA-1-depen-
dent, mechanism. However, this activation of PBMCs by
ICAM-1 antigen on CaKi-1 cells may be opposed to its
inhibitory effect on PBMC adhesion to CaKi-1 cells via
ICAM-1 antigen shedding [12]. Therefore, in order to
increase the beneficial therapeutic effects of I[CAM-1
antigen induction on RCC cells, it is necessary to develop
methods that enhance the transduction signals con-
trolling cell activation/proliferation by ICAM-1 and at
the same time inhibit escape from immunosurveillance by
inhibiting ICAM-1 shedding. Of special interest in ths
regard are the recent findings by Jackson et al. [14], which
indicate that cyclohexamide may inhibit IFN-y-induced
ICAM-1 antigen shedding without inhibiting cellular
ICAM-1 antigen expression in human bladder cancer
cells.
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